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Abstract 
The swelling behaviour of SU-8 2000 series is investigated. This is done using on-wafer micro machined stress indicator 
structures. The indicator structures convert the stress in the material to a measurable displacement. When SU-8 is submersed into 
a solvent, the polymer matrix of the SU-8 can absorb some of the solvent molecules. As a result, the SU-8 can expand and the 
built in tensile stress is partially relieved. The swelling can thus be measured directly and independently of lithography 
parameters. For this study, the indicator structures are immersed in Propyle Glycol Methyl Ether Acetate (PGMEA), isopropyl 
alcohol (IPA) and water.  
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1. Introduction 
Historically, Silicon or other semiconductor based compounds are used as the building materials of MEMS. 
Metals have also been introduced with success. Recently, however, polymer materials find there way in the micro 
mechanical structures as the active respectively structural layer. The research for the use of polymers in MEMS is 
driven by several factors. Polymers yield cheaper fabrication and cheaper devices. A second major benefit lies in the 
properties of the polymers itself. Not all polymer materials are suitable to be used in a MEM structure, but those that 
are suitable, still provide a broad range of chemical, optical, electrical and mechanical properties. These properties 
can be put to good use in a variety of sensors and transducers. The mechanical properties of polymers provides a 
more flexible and softer material with respect to the silicon and metals. In this way, for instance, low frequency, 
sensitive inertial sensors can be fabricated1. Epoxy based materials are very suitable to be used in MEMS. Their 
high crosslinked polymer network make them very stable in the mechanical and in the chemical domain. The 
epoxies have a relative high glass transition temperature and a high melting temperature, if any. Many formulations 
of epoxy precursors, that allow curing under the influence of UV light, are available. A very common and well 
known photo definable epoxy is SU-8. A negative photo resist developed by IBM. 
In this study the swelling behavior of this SU-8 epoxy is investigated. The swelling of crosslinked polymer 
networks is very well known. Especially for negative resists, as SU-8, this is a known phenomenon. But according 
to the authors’ knowledge no accurate and direct measurement of the swelling of SU-8, in common processing 
liquids, have been reported jet. The SU-8 is typically developed in PGMEA and rinsed in IPA to clear the developer 
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 liquid. During the development microcracks and even delamination can appear in the patterned SU-8. This may 
indicate a to high elastic energy in the film with respect to the strength and adhesion of the material. It is thus 
mandatory to know how the development process alters the internal stress in the material. The swelling of the SU-8 
resist comes also into play in many applications of the resist. The polymer is frequently used as an electroplating 
mold. The SU-8 mold can swell when exposed to the electroplating liquid2. When optimizing the lithography 
parameters of the resist for high aspect ratios, swelling is often incorporated into the model to explain the obtained 
results3. It is, however, difficult to decide whether line widths, which are different form the widths drawn on the 
mask, are due to exposure parameters or due the swelling. Also when SU-8 is used as a permanent layer, the device 
performance can be influenced be the swelling effect. Especially water moisture is prone to influence the properties 
of epoxies4. 
2. Design of the stress indicator structure 
 
Figure 1: (a) Fabricated stress indicator structure, before the etching of the sacrificial layer. (b) Simulated response giving the internal stress 
versus the amplification beam apex displacement and versus the displacement of the test beams, with a length of 250μm. 
A stress indicator structure is used to determine the swelling of SU-8 when submerged into a liquid. This is in 
particular a measurement of the volume change of the epoxy due to the absorption or disorption of a liquid. The 
working principle is relative simple, see Figure 1 (a). When the sacrificial layer is etched, the test beams will relax 
there built in stress and move the amplification beam. Initially this structure will show a displacement proportional 
to the ‘normal’ built in stress of the material. The amplification structure amplifies the very small displacement of 
the test beams to a measurable displacement. This displacement can easily be recoded using an optical microscope. 
The design is an adoption of the design proposed by Goosen et al5. Although there are al lot of possible topologies 
for such an indicator structure, this design has a major advantage. Inside the hinges, no stress accumulation occurs 
when the structure is released. In Figure 2 (b) a simulated response of a indicator structure is show. The full design 
detail have been reported in a previous publication6. 
3. Fabrication and experimental details 
For the fabrication of the indicator structure, a simple surface microfabrication process was used, see Figure 2. A 
polyimide sacrificial layer was spincoated onto a 3inch silicon wafer. The anchors were patterned, using a positive 
resist mask, in an alkaline solution. Then, the positive resist mask is flushed using PGMEA and the wafer is blow 
dried. SU-8 2007 is spincoated at 2000rpm for 30” and soft baked for 60 minutes at 50ºC or 70ºC. The soft bake 
temperature are lower than indicated in the manufactures datasheet, in order to obtain a temperature controlled soft 
bake process. Once the SU-8 is cured, a final hard bake is done in an oven at 150ºC for 1 hour, under a nitrogen 
atmosphere. Next, the sacrificial polyimide layer is wet etched in an alkaline solution. Finally, the samples were 
dried using a critical point, CO2 drier (CPD). The remaining solvent content during curing of the SU-8 has a 
significant influence on the swelling behavior. In Figure 2 (c) the soft bake process is calibrated by recording the 
weight loss of a spincoated film in function of time. The first drop from 48% solvent content of SU-8 2007 to 
approximately 19% is due to the spincoating itself. From the graph it is clear that after 60minutes of soft baking 
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there is approximately 5% more solvent remaining in the sample baked at 50ºC than in the other sample. The 
swelling experiments were done by placing a wafer of approximately 30 stress indicator structures in a Petri dish 
with the submersion liquid, and left for approximately 24 hours before the displacement is recorded. In addition, the 
transition from PGMEA to IPA was recorded using a camera to measure the swelling in function of time. To do this, 
the sample was soaked in PGMEA for approximately 1 hour. Then the PGMEA was exchanged with IPA by 
pipetting the PGMEA out so there is a minimum left in the dish, but no stiction occurs. Immediately after, a relative 
large volume of IPA was poured into the dish and the response of the indicator structure was recorded. 
 
Figure 2: (a) A schematic of he fabrication process.  The polyimide layer is patterned using a positive resist mask. After removing the mask, the 
SU-8 is spincoated, soft baked, exposed with UV light, cured and developed. (b) SEM detail showing the 10μm thick SU-8, with the 3μm high 
gap. (c) The soft bake calibration curve for the two soft bake temperatures.  
4. Results and discussion 
Figure 3 summarizes the obtained results. In Figure 3 (a), the recorded stress is given in function of the ambient. 
From the graph it is clear that, when the SU-8 is submerged into water, the net built-in stress is very low. This can 
be explained as follows. The absorbing compounds take up space in the SU-8 matrix. This expansion in volume can 
be regarded as a extra compressive stress, that was allowed to relax in the test beams of the stress indicator structure. 
This compressive stress is superimposed on the initial tensile stress of the SU-8. The built-in stress when submerged 
into PGMEA is only slightly higher then in the case the stress indicator structures are in cleanroom air, 24 hours 
after CPD. The highest internal stress in the SU-8 is recorded when submerged into IPA. From this graph it is also 
clear that the internal stress of the sample soft baked at lower temperature changes more than for the other sample. 
The internal stress changes for the high temperature soft bake sample are les pronounced. Although it is not very 
clear why there is a big dependence in the swelling behavior of SU-8 on the soft bake procedure, a possible 
explanation is as follows. When the SU-8 is soft baked at a lower temperature, but for equal amount of time, the 
residual solvent, namely cyclopentanone for the SU-8 2000 series, is higher, see Figure 2 (b). According to T. A. 
Anhoj7 the temperature at which SU-8 starts to polymerize after exposure, drops when the soft bake temperature is 
lower, or in other words, when there is more residual solvent. When the polymerization already starts at lower 
temperature, it is reasonable to assume that SU-8 with more residual solvent undergoes more polymerization or 
crosslinking. Provided that the curing conditions for all samples are the same. It is however known that epoxies with 
a higher degree of crosslinking are more sensitive to swelling caused by water. This is due to the presence of more 
hydroxyl groups in the polymer matrix, where water molecules can form strong hydrogen bounds4. This leads to the 
theory that both IPA and PGMEA act as a dehydration liquid for the SU-8 polymer. A dried sample in air, with 
relative humidity of 45%, has an internal stress of approximately 11MPa tensile stress. Ones submerged in PGMEA 
or IPA the tensile stress will increase to approximately 13MPa and 15MPa, respectively. The water vapor is driven 
out by the solvents, and thus the compressive stress component, induced by the water molecules is reduced. Because 
PGMEA has a high affinity with the SU-8, the PGMEA will, in his turn, swell the polymer matrix also. This can be 
seen in Figure 3 (a), where the tensile stress in PGMEA ambient is lower then in the IPA ambient. Also, in the graph 
of Figure 3 (b), it is clear that the tensile stress in the SU-8 increases in time, and that the equilibrium for a 10μm 
thick freestanding beam is reached after approximately two minutes. This can be either from further dehydrating of 
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 the SU-8 polymer network or from depleting the polymer network of the PGMEA absorbed before. The response in 
function of time can be easily fitted with only one exponential. This experiment mimics the development step very 
well. Because the stress increases to its peak in the rinse solution IPA, cracks and delamination tent to occur at this 
point. This is especially true for thick SU-8 layer, where the built in stress gives rice to high elastic energies, that 
have to be carried by the adhesion force and strength of the SU-8 polymer network. 
 
 
Figure 3: (a) The average net internal tensile stress recorded by approximately 30 indicator structures versus submersion liquid. 1 is IPA, 2 is 
deionised water, 3 is in air with a relative humidity of 45%, 4 is in PGMEA . The error bar indicates the standard deviation. (b) The change of net 
internal stress in function of time when the submersion liquid is exchanged from PGMEA to IPA.  
5. Conclusion 
The change in internal stress in SU-8 2000 series is investigated using on-wafer stress indicator structures. In 
particular the swelling effect of the resist is accurately and directly measured for different ambients. It should be 
noted that the fabrication of the stress indicator structure is relative simple and that the same investigation can be 
done for other ambients, if needed. 
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